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5HFHQWO\ZLWKWKHGHYHORSPHQWRISUHVVXUHYHVVHOVWRWKHGLUHFWLRQRIODUJHVFDOHDQGOLJKWZHLJKWEXFNOLQJRIWHQ
RFFXULQVXFKODUJHWKLQZDOOYHVVHOVXQGHUFRPSUHVVLYHORDGV2EYLRXVO\EXFNOLQJDQDO\VLVIRUVKHOOKDVEHFRPHD





+RZHYHU$60(Đ>@ MXVWJDYH WKHDQDO\VLV W\SHVDQGFRUUHVSRQGLQJGHVLJQ IDFWRUV)HZGHWDLOJXLGDQFHDQG
VXJJHVWLRQVDERXWKRZWRXVH)($VRIWZDUHWRILQLVKDEXFNOLQJDQDO\VLV






EHWWHU XQGHUVWDQG EXFNOLQJ EHKDYLRXU RI VKHOOV 7KH H[SHULPHQWDO HYLGHQFH VXJJHVWV WKDW WKHUH LV D VLJQLILFDQW
GLIIHUHQFHVH[SHULPHQW UHVXOWRI VSHFLPHQVDQGHODVWLF WKHRUHWLFDO VROXWLRQRI VKHOOVZLWKRXW LPSHUIHFWLRQ&ULWLFDO









,Q WKH SDVW EHFDXVH RI WKH FRPSOH[LW\ RI EXFNOLQJ SKHQRPHQRQ SUHVVXUH YHVVHO &RGHV SURYLGHGPHWKRGV RI
VWDELOLW\GHVLJQRQO\IRUEDVLFJHRPHWULFDOVWUXFWXUHVHJF\OLQGULFDOVKHOOFRQLFDOVKHOOVSKHULFDOVKHOODQGVRRQ
DQGVLPSOHORDGFRQGLWLRQHJD[LDOXQLIRUPFRPSUHVVLRQXQLIRUPH[WHUQDOSUHVVXUHXQLIRUPWRUTXHDQGEHQGLQJ
PRPHQWDQG WKHLUFRPELQDWLRQ$OWKRXJKXQGHU WKHVHVLPSOHFRQGLWLRQVFULWLFDO ORDGFDQEHFDOFXODWHGEDVHGRQ
HODVWLFWKHRU\ZLWKRXWLQLWLDOLPSHUIHFWLRQWKHUHVXOWZDVRYHUYDOXHGFRPSDUHGWRDFWXDOYDOXHRIDFWXDOVWUXFWXUH,Q
WKH SDVW FRQGLWLRQ RI KDUGZDUH DQG VRIWZDUH ZHUH OLPLWHG DQG LW ZDV GLIILFXOW WR HYDOXDWH WKH HIIHFWV RI LQLWLDO
LPSHUIHFWLRQWKURXJKQRQOLQHDUDQDO\VLV)RUWKHVHUHDVRQVVDIHW\IDFWRUVEDVHGRQWKHORZHUOLPLWRIH[SHULPHQWDO
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3.1. Method 1 
0HWKRGLVDELIXUFDWLRQEXFNOLQJDQDO\VLVWKDWLVSHUIRUPHGXVLQJDQHODVWLFVWUHVVDQDO\VLVZLWKRXWJHRPHWULF
QRQOLQHDULWLHV LQ WKH VROXWLRQ WR GHWHUPLQH WKH SUHVWUHVV LQ WKH FRPSRQHQW ,Q WKLV DQDO\VLV WKH SUHVWUHVV LQ WKH
FRPSRQHQWLVHVWDEOLVKHGEDVHGRQWKHORDGLQJFRPELQDWLRQVVSHFLILHGE\WKH&RGH>@
3.2. Method 2 
0HWKRG  LV D ELIXUFDWLRQ EXFNOLQJ DQDO\VLV WKDW LV SHUIRUPHG XVLQJ DQ HODVWLFSODVWLF VWUHVV DQDO\VLVZLWK WKH
HIIHFWVRIQRQOLQHDUJHRPHWU\LQWKHVROXWLRQWRGHWHUPLQHWKHSUHVWUHVVLQWKHFRPSRQHQW,QWKLVDQDO\VLVWKHSUH
VWUHVVLQWKHFRPSRQHQWLVHVWDEOLVKHGEDVHGRQWKHORDGLQJFRPELQDWLRQVVSHFLILHGE\WKH&RGH>@






7KHFDVH VWXG\ IRFXVHGRQ WKHSURFHVVRI ORFDOEXFNOLQJDQDO\VLV DQGGLGQRW LQFOXGHVWUHQJWKFDOFXODWLRQDQG
FDOFXODWLRQRIJOREDOVWDELOLW\IRUF\OLQGHU$QGRQO\'HVLJQFRQGLWLRQZDVFRQVLGHUHG

































4.2. Key points of buckling analysis 
4.2.1. Load distribution between connecting nozzle and triangle bracket 
,QWKLVFDVHPDLQHTXLSPHQWDQGDFFHVVRU\HTXLSPHQWDUHFRQQHFWHGE\FRQQHFWLQJQR]]OHDQGWULDQJOHEUDFNHW
,QWKHRWKHUZRUGWKHZHLJKWDQGRWKHUORDGVVXFKDVZLQGORDGVDQGVHLVPLFORDGVZHUHGLVWULEXWHGRQFRQQHFWLQJ
QR]]OH DQG WZR HDU VXSSRUWV 6R EHIRUH EXFNOLQJ DQDO\VLV 5DWLR RI /RDG EHDULQJ FDSDELOLW\ EHWZHHQ FRQQHFWLQJ
QR]]OHDQGWULDQJOHEUDFNHWVKRXOGEHGHWHUPLQHGILUVWO\ZKLFKZLOOEHXVHGLQVWUHQJWKDQDO\VLV
7KHJHRPHWU\PRGHODQGPHVKLQJZHUHHVWDEOLVKHGDVVKRZQLQ)LJa)LJ7KH6ROLGHOHPHQWZDVXVHGLQ
WKH )(PRGHO 7KH GLVSODFHPHQW DQG IRUFH ERXQGDU\ FRQGLWLRQV LQFOXGLQJ RWKHU ORDGVZHUH VKRZQ LQ )LJ 7KH
DQDO\VLVUHVXOWVKRZHGWKDWWZRHDUVXSSRUWVEHDUZHLJKWRIDFFHVVRU\HTXLSPHQWVKRZQLQ)LJ7KLVDQDO\VLV
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IURP HODVWLF WKHRU\ %XW UHVXOWV REWDLQHG IURP QXPHULFDO DQDO\VLV DUH VWLOO WRR FRQVHUYDWLYH FRPSDUHG ZLWK
H[SHULPHQWDO UHVXOWV %HFDXVH  GLIIHUHQW LQIOXHQFH IDFWRUV DQG WKHLU FRPELQDWLRQ ZLOO OHDG WR GLIIHUHQW EXFNOLQJ
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